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PATTERNING ANTIBODIES ON A SURFACE 

The present invention relates in general to patterning 
techniques utilized in the fabrication of devices such as 
multi-analyte biosensors utilized for environmental moni 
toring and medical diagnostic purposes as disclosed in US. 
application Ser. No. 09/145,993, ?led Sep. 3, 1998, noW 
abandon, as a division of parent application Ser. No. 08/816, 
337, ?led Mar. 13, 1997, now US. Pat. No. 5,858,801 issued 
Jan. 12, 1999, the disclosure of Which is incorporated herein 
by reference and With respect to Which the present disclosure 
is a continuation-in-part. 

BACKGROUND OF THE INVENTION 

Because of their exquisite speci?city, biological 
molecules, including antibodies, have been employed in 
biosensors. Biosensors are devices capable of identifying 
and quantifying a target chemical. Biosensors are highly 
sensitive to their analyte (the chemical species to be detected 
for an antibody-based biosensor, the analyte is the antigen to 
the antibody). They are able to detect quantities as small as 
10'15 gram. They are also extremely speci?c toWard the 
analyte because of the unique ability of the antibodies to 
recogniZe their target species at the molecular level. 

The present state of the art in antibody-based biosensors 
is illustrated by the various commercially available immu 
noassays. An immunoassay is a chemical test based on the 
use of antibodies to bind the molecule to be detected. In 
these assays, an antibody speci?c to the analyte (the “capture 
antibody”) is immobiliZed onto a solid surface. This surface 
is then exposed to the sample to be analyZed and the 
immobiliZed antibodies bind some of the analyte present in 
the sample. After the surface is Washed, it is immersed in a 
solution of a second antibody (the “signal antibody”) spe 
ci?c to the same analyte. The signal antibody is conjugated 
(attached chemically) to a radioactive, ?uorescent, or enZy 
matic label, so that it can be detected With high sensitivity. 
The amount of the signal antibody bound to the analyte is 
determined by the amount of radioactivity, intensity of 
?uorescence, or quantity of enZymatic reaction product, 
Which in turn is proportional to the quantity of antigen in the 
sample. In the case of the enZyme label, the enZyme converts 
molecules of an added colorless reactant to colored reaction 
products. The intensity of the color change is read by a 
spectrophotometer. This type of assay is called enZyme 
linked immunosorbent assay (ELISA). Examples of com 
mercially available ELISA test kits are home pregnancy tests 
and environmental monitoring tests for BTEX (benZene, 
toluene, ethylbenZene, and xylene), PAH’s (polynuclear 
aromatic hydrocarbons) or PCB’s (polychlorinated 
biphenyls) in Water. ELISA assays are also used in the 
military for battle?eld detection of chemical and biological 
Warfare agents. A disadvantage of these immunoassay kits is 
that a separate kit is required for each antigen or closely 
related family of antigens being tested for. Not only is this 
costly and labor consuming When many antigens must be 
tested for, but it can also result in dangerous time delays as 
When chemical and biological Warfare agents are being 
tested for on the battle?eld. 

It Would be desirable to provide a single device that could 
perform multiple immunoassay tests at the same time. The 
test results of such a device Would be read and evaluated 
automatically. In order to achieve this, each type of antibody 
must be precisely and discretely located on the test surface. 
Cross contamination of the antibodies must be avoided. 
Moreover, such devices should be inexpensive and easy to 
manufacture. 
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2 
SUMMARY OF THE INVENTION 

Accordingly, an object of this invention is to provide a 
neW device using multiple antibodies on a substrate to 
perform multiple immunoassay tests. 

Another object of this invention is to provide a neW device 
using multiple antibodies on a substrate to perform multiple 
immunoassay tests Whose results can be read automatically. 
A further object of this invention is to provide a neW, 

inexpensive method of producing a device using multiple 
antibodies to perform multiple immunoassay tests. 

Yet another object of this invention is to provide a neW 
method of patterning multiple antibody types in discrete 
groups in precise locations. 

These and other objects of this invention are achieved by 
providing a serial process for producing a multiple antibody 
patterned substrate by (1) coating an antibody-adsorbent 
substrate With an antibody-resistant material, (2) removing a 
portion of the antibody-resistant material by mechanical 
scribing to produce a bare site on the antibody-adsorbent 
substrate having a precise siZe, shape, and location on the 
substrate, (3) adsorbing molecules of a selected antibody on 
to the bare site on the antibody-adsorbent substrate, (4) 
rinsing the substrate to remove unadsorbed antibody 
molecules, (5) coating the antibody-adsorbent substrate With 
more of the antibody-resistant material to cover the bare 
surface of the substrate betWeen the neWly adsorbed anti 
body molecules, and (6) repeating steps (2) through (5) until 
each of the antibodies has been adsorbed at its speci?c site 
on the antibody-adsorbent substrate. 

Alternatively, the multiple antibody patterned substrate is 
produced by a parallel process of (1) coating an antibody 
adsorbent substrate With an antibody-resistant material that 
is resistant to the adsorption of antibodies, (2) simulta 
neously removing portions of the antibody-resistant material 
by mechanical scribing to produce bare sites on the 
antibody-adsorbent substrate having precise siZes and 
shapes and each site having a precise location Which corre 
sponds to a speci?c antibody, (3) adsorbing molecules of 
each antibody to its speci?c bare site on the antibody 
adsorbent substrate, (4) rinsing the substrate to remove 
unadsorbed antibodies, and (5) coating the antibody 
adsorbent substrate With more of the antibody-resistant 
material to cover the bare surface of the substrate betWeen 
the adsorbed antibody molecules. 

Another aspect of this invention is a biosensing device 
having (A) an analyte-capturing structure comprising (1) an 
antibody-adsorbent substrate, (2) tWo or more antibodies 
adsorbed to the substrate, Wherein each antibody is located 
at a speci?c site on the substrate apart from the other 
antibodies, and (3) an antibody-resistant material covering 
the substrate betWeen the adsorbed molecules of the anti 
bodies for immobiliZation thereof at discrete locations, and 
(B) means for determining the types and quantities of the 
analytes captured by the antibodies. 

BRIEF DESCRIPTION OF DRAWING 

A more complete appreciation of the invention and many 
of its attendant advantages Will be readily appreciated as the 
same becomes better understood by reference to the folloW 
ing detailed description When considered in connection With 
the accompanying draWing Wherein: 

FIG. 1 is a block diagram of an antibody patterning 
fabrication process, in accordance With an economical 
embodiment of the present invention; 

FIG. 2 is a side vieW of apparatus for mechanical removal 
of coating from the surface of a substrate, associated With 
the patterning fabrication process diagrammed in FIG. 1; 
and 
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FIG. 3 is a partial top plan vieW observed from section 
line 3—3 in FIG. 2, With schematically diagrammed appa 
ratus components associated thereWith. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention provides methods of producing 
biosensor substrates or chips having multiple antibodies 
patterned on them. Each antibody is present on the substrate 
in a speci?c amount and at a speci?c location. As a result the 
output of the substrate can be read automatically to identify 
and quantify the antigens or analytes present in a sample. 
The antibodies are separated from each other by an 
antibody-resistant coating on the substrate Which reduces the 
danger of cross-reactivity betWeen antibody sites and of 
nonspeci?c adsorption of antigen. Finally, the methods 
provide means of patterning many antibodies on a single 
substrate. This provides the device With the ability to detect 
multiple chemical species (analytes) or to detect a single 
species With multiple binding af?nities, giving the device a 
Wide range of response and reset times. 

The multiple-antibody patterned substrate may be pre 
pared by using either a serial process (as in the examples) or 
a parallel process. In the serial process, an antibody 
adsorbent substrate is coated With an antibody-resistant 
material. The substrate is then placed in vacuum and an ion 
beam is used to sputter (etch) aWay the antibody-resistant 
coating to eXpose the surface of the antibody-adsorptive 
substrate at a selected area. Alternatively, a laser beam could 
be used to burn or ablate aWay the antibody-resistant coating 
to eXpose the surface. In still another variation, the antibody 
resistant material could be precisely removed by mechanical 
scribing using atomic force microscopy. The substrate is 
then incubated in a ?rst antibody Which results in a large 
concentration of the ?rst antibody adsorbing on the eXposed 
surface of the antibody-adsorptive material and very little 
antibody adsorbing on the antibody-resistant coating. The 
substrate is then rinsed to remove any unadsorbed antibody 
While leaving the antibody adsorbed to the antibody 
adsorbing substrate. Next the substrate is again coated With 
the antibody-resistant coating. This is a conventional pro 
cedure called blocking the surface and it results in any bare 
surface betWeen the adsorbed antibody molecules being 
covered With antibody-resistant material. When the other 
antibodies are applied later they Will not be able to attach to 
this area of the antibody-adsorbent substrate and contami 
nate it; also antigens Will not be able to attach to this area of 
the substrate. The procedure is then repeated at a neW site 
With a neW antibody and this is continued until all the 
desired antibodies are on the substrate. A ?nal antibody 
resistant coating is applied to block the surface around the 
last antibody adsorbed. 

Ion beam sputtering (etching) is used to remove the 
antibody-resistant coating and expose precise areas of 
antibody-adsorbent substrate at precise locations. This fea 
ture is critical to the production of automated biosensors. 
The shaping and positioning of the eXposed areas may be 
achieved by using masks or by using a programmable ion 
beam sputtering device. A high spatial resolution of ion 
beams permits large numbers of antibody locations to be 
produced on the substrate. In an alternative embodiment, a 
laser beam is used to burn or ablate off the antibody-resistant 
coating in place of ion beam sputtering. Precise shaping and 
positioning of the eXposed areas can be achieve by using 
masks With the laser or by using a programmable laser. 
Mechanical scribing using atomic force microscopy pro 
vides yet another method of precisely shaping and position 
ing the eXposed areas. 
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4 
On an industrial scale, it may be preferable to use a 

parallel process to produce the multiple antibody patterns on 
the substrates. An ion beam sputtering machine With masks 
or a programmable ion beam sputtering machine Would be 
used to etch a large number of bare spots on the antibody 
adsorbent substrate at once. Alternatively, a laser With a 
mask or a programmable laser could be used to ablate or 
burn off the antibody-resistant material from the antibody 
adsorbent substrate at a large number of spots at one time. 
Such removal of anti-body resistant material could also be 
achieved by mechanical scribing using atomic force micros 
copy. In the neXt step, an array of micropipets could be used 
to deliver each antibody to the correct bare spot (site) and 
none other. The coating of antibody-resistant coating Which 
separates the etched areas from each other is critical in this 
process to prevent the cross contamination of antibodies, or 
adsorption of the antigen in unWanted areas. Ink jet printing 
technology might be used in place of the micropipets. A?nal 
antibody-resistant coating is then applied to block or cover 
the bare substrate surface around each of the adsorbed 
antibody molecules. This step is necessary to prevent anti 
body contamination of the substrate during storage or use of 
the device, or to alloW a false positive reading due to 
nonspeci?c antigen adsorption. 
The antibody-adsorbent substrate may be composed of 

any material conventionally used to physically adsorb pro 
teins or antibodies. The adsorption should be a spontaneous, 
physical process. In general, any hydrophobic material 
should be suitable for this purpose. Polystyrene and polypro 
pylene are the tWo most commonly used. HoWever, many 
other hydrophobic polymeric materials such as polyethylene 
or copolymers of polyethylene and polypropylene Will also 
Work Well. The use of cross-linking agents or other chemical 
agents to chemically bind the antibodies to the substrate are 
eXcluded from the processes of this invention. 
The antibody-resistant coating is composed of a material 

Which is resistant to antibody (protein) adsorption and Which 
can be etched aWay in high yield and resolution by using ion 
beam sputtering or be ablated aWay by a laser beam, or be 
removed by mechanical scribing. EXamples of preferred 
antibody-resistant coatings include (1) bovine serum 
albumin, (2) gelatin, (3) lysoZyme, (4) octoXynol, (5) 
polysorbate 20, and (6) polyethylene oxide-containing block 
copolymer surfactants. OctoXynol can be represented by the 
formula 

Wherein n is preferably from 9 to 10. The antibody-resistant 
polyethylene oxide-containing block copolymer surfactants 
include those containing polyethylene oxide-polypropylene 
oXide copolymer blocks and those containing polyethylene 
oXide-polybutylene oXide copolymer block. These surfac 
tants are discussed by Jin Ho Lee et al. In “Protein-resistant 
surfaces prepared by PEO-containing block copolymer 
surfactants”, Journal of Biomedical Materials Research, 
Vol. 23, pp. 351—368 (1989), herein incorporated by refer 
ence in its entirety. The more preferred antibody-resistant 
coatings are bovine serum albumin, gelatin, and lysoZyme, 
With bovine serum albumin being the most preferred. 

The multiple antibody patterned substrates of this inven 
tion function as multiple analyte or antigen capturing struc 
tures that are suitable for automatic analysis. Each analyte is 
identi?ed by the position (site) of the antibody that captures 
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it on the substrate. Conventional radioactive, ?uorescent, or 
enzymatic labels can be used to mark the captured analytes 
for detection and measurement. The amount of radioactivity, 
intensity of ?uorescence, or quantity of enZymatic reaction 
product (color change) is proportional to the quantity of the 
speci?c analyte captured by the speci?c antibody at the 
speci?c site. The quantity of analyte capture Will be propor 
tional to the concentration of the analyte present in the test 
environment (solution, air, blood, Water, etc.) and the quan 
tity of the capturing antibody present on the substrate at that 
site. The quantity of the antibody is controlled by the 
conditions under Which the antibody Was originally 
adsorbed on the antibody-adsorbent substrate and by the 
area of bare substrate available for antibody adsorption. The 
intensity of the label signals from the various sites on the 
substrate provides a complete picture of the concentrations 
of the analytes found in the test environment. 

In regard to the foregoing description, various examples 
are presented as speci?c embodiments in US. Pat. No. 
5,858,801 aforementioned. Pursuant to the disclosure here 
inafter set forth, an embodiment for patterning many anti 
bodies in parallel by selective removal of antibody resistant 
coating material from discrete locations on the surface of an 
antibody adsorbent substrate, is presented. Such coating 
removal step is performed in such a manner as to achieve a 
drastic reduction in fabrication time by limitation to 
mechanical or physical patterning of plural antibodies in 
parallel on a substrate. 
As diagrammed in FIG. 1, an antibody adsorbent substrate 

10 initially undergoes a surface coating step 12. The sub 
strate according to one embodiment is made of polystyrene 
and has an approximate dimension of 10x5 mm. Such 
substrate 10 undergoes coating 12 With an antibody resistant 
material such as bovine serum albumin (BSA) by immersion 
of the substrate in a 1% W/v solution of the BSA at room 
temperature for approximately 30 minutes, folloWed by step 
14 for antibody immobiliZation by rinse in an antigen such 
as phosphate buffered saline (PBS) for 2 hours under a 
temperature of 37° C. The BSA coating Was then selectively 
removed from discrete locations on the substrate surface in 
accordance With coating removal step 16, folloWed by 
another PBS rinse step 18 before application of selected 
antibodies in parallel to coating free locations on the sub 
strate in accordance With step 20. The process is completed 
by a contamination preventing rinse in deoniZed Water as 
step 22. An important aspect of the foregoing diagrammed 
process resides in the coating removal step 16, Which is 
physical or mechanical in nature as a result of the use of a 
macro-stylus for mechanical scribing 24 as denoted in FIG. 
1, Which does not involve any chemical or biological activity 
as in the case of ion beam sputtering, to not only reduce 
material costs but to also reduce processing time. While 
sputtering type of coating removal step disclosed in US. Pat. 
No. 5,858,801 produced a clean enough polystyrene sub 
strate surface for antibody adsorption, it Was found that use 
of mechanical scribing for coating removal pursuant to the 
present invention is also capable of providing a suf?ciently 
clean polystyrene substrate surface for antibody adsorption. 

Antibody patterning using a stainless steel scribe Was 
demonstrated by use in the preparation of tWo samples, as a 
much faster approach than ion beam sputtering for removal 
of BSA from a polystyrene surface. Such mechanical scrib 
ing took just a feW seconds for each area scribed as part of 
a procedure otherWise similar to that for patterning With ion 
beam sputtering. The BSA Was selectively removed along an 
approximately 100 pm Wide line by scribing the sample 
surface With the stainless steel scribe (Techni-Tool, Ply 
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6 
mouth Meeting, Pa.) using a pressure of approximately 
2><107 Pa, folloWed by a rinse in PBS. The precise value of 
the pressure is not expected to be critical, provided it is 
above the threshold for displacing BSA. The sample Was 
then immersed in a solution of the R-(X-G antibody. The 
antibody binds to the clean polystyrene surface exposed by 
the scribe, but not to the BSA-coated polystyrene. The 
sample Was then rinsed in PBS, blocked by immersing in 
BSA solution for 30 minutes at room temperature, and rinsed 
in PBS. Then, the sample surface Was scribed again, along 
a line intersecting and approximately perpendicular to the 
?rst line. FolloWing a PBS rinse, the sample Was immersed 
in a solution of R-ot-C, the antibody that does not bind the 
?uorescently labeled antigen. This Was folloWed by a PBS 
rinse, a BSA block and a PBS rinse. Finally, the sample Was 
immersed in a solution of the ?uorescently labeled antigen, 
G-ot-M/FITC. To rule out nonspeci?c adsorption of antibody 
or antigen on undesired areas of the surface, and demon 
strate functionality of the ?rst antibody, one of the tWo 
samples Was fabricated by reversing the order of antibody 
immobiliZation. 

FIGS. 2 and 3 schematically illustrate an example of 
mechanical scribing 24, simultaneously applied to many 
positions on a surface associated With the selective coating 
removal step 16 denoted in FIG. 1. Such coating removal 
may be performed for example on the surface of a base 26 
supporting a ?at, horiZontally movable platform 28 onto 
Which the polystyrene substrate 10 to be patterned is adjust 
ably positioned underlying a stylus array 30 of pixels for 
simultaneous removal of antibody resistant coating from 
discrete locations on the substrate 10. The stylus array 30 is 
supported by means of some frame structure 32 attached to 
the base 26 having an internally threaded nut 34 through 
Which a ?nely threaded screW 36 extends. Such screW 36 is 
attached at its loWer end to the stylus array 30 and is 
rotatably driven by motor 38 for loWering the array of pixels 
into scribing contact With the substrate 10 under appropriate 
force for removal of the BSA coating in response to lateral 
movement of the substrate 10 in tWo perpendicular inter 
secting directions imparted to the substrate through support 
ing platform 28. As denoted by Way of example in FIG. 3, 
schematically diagrammed precision motors 40 and 42 
impart such movement to the platform 28 under substrate 
motion control 44 causing the stylus pixels of array 30 to 
effectively remove the coating from discrete locations on the 
substrate 10 for subsequent antibody adsorption. 
The foregoing described mechanical scribing type of 

coating removal is most effective in conjunction With the 
parallel antibody immobiliZation rinsing approach to anti 
body patterning, so as to provide for inexpensive fabrication 
of single-use substrates in conjunction With charge-coupled 
detectors. 

Obviously, other modi?cations and variations of the 
present invention may be possible in light of the foregoing 
teachings. It is therefore to be understood that Within the 
scope of the appended claims the invention may be practiced 
otherWise than as speci?cally described. 
What is claimed is: 
1. In a method of patterning antibodies on a substrate to 

Which a coating resistant to antibody absorption is applied 
and from Which removal of the coating is effected at discrete 
locations thereon to expose antibody absorbent surfaces onto 
Which the antibodies are applied, the improvement compris 
ing: limiting said removal of the coating to a step of physical 
displacement thereof from said surfaces on the substrate at 
said discrete locations thereon to reduce costs and minimiZe 
processing time. 
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2. The method as de?ned in claim 1, Wherein said removal 
of the coating from the discrete locations is performed by 
movement of a stylus into physical contact With said sub 
strate. 

3. The method as de?ned in claim 2, Wherein said step of 
physical displacement of the coating includes: selectively 
imparting movement to the substrate in intersecting direc 
tions parallel to said eXposed surfaces thereof during said 
physical contact With the stylus. 

4. In a method of patterning antibodies on a substrate from 
Which a coating resistant to antibody absorption is removed 
at discrete locations thereon eXposing antibody absorbent 
surfaces onto Which the antibodies are applied, the improve 
ment comprising the step of: mechanical displacement of the 
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coating for removal from said discrete locations by physical 
scribing contact of a stylus With said surfaces on the sub 
strate. 

5. In a method of patterning antibodies on a substrate from 
Which a coating resistant to antibody absorption is removed 
at discrete locations thereon eXposing antibody absorbent 
surfaces onto Which the antibodies are applied, the improve 
ment comprising the steps of: mechanical displacement of 
the coating for removal from said discrete locations by 
physical scribing contact of a stylus With said surfaces on the 
substrate; and controlling said physical scribing contact by 
the stylus to effect said removal of the coating from the 
discrete locations by motion selectively imparted to the 
substrate in intersecting directions parallel to said surfaces 
thereon. 


